Abstract
ity tolerance (Rauser and Crowle 1963) . Because Russian wildrye
Based on the magnitude of genetic variation and narrow-sense retains its nutritive value better than most other range grasses heritability values in a breeding population of tall fescue (Fesrrcca during later stages of maturity, it is regarded as an excellent source urundinuceu Schreb.), Sleper et al. (1977) concluded that substanof forage during late summer and fall (Knipfel and Heimichs 1978, tial progress should be possible in breeding for low hypomagnese- Heinrichs and Carson 1956, Lawrence and Troelsen 1964, May- mia potential in this species. This conclusion was later confirmed land 1988, Smoliak and Slen 1975) .
by Sleper and Mayland (Unpublished) . Hides and Thomas (1981) et al. 1985) . Although the to environmental stress and plant pests, no selection pressure had been applied for mineral ion uptake of Mg, Ca, K, and P. The progeny lines were established during April 1986 as spaced plants on l-m centers. Plots consisted of a single row of 10 plants each and were arranged in a randomized complete block design with 4 replications. An in-house alfalfa sample was analyzed with the grass series to typify the analytical precision. This sample was analyzed to contain3.4f0.3mgMgg~',14.5f0.8mgCag~',23.5f1.0mgKg~'. The K/(Ca+Mg) ratio was computed on an equivalent basis. Data from mineral analyses were expressed on a dry matter basis.
A reduced tetany potential index (RTP) was computed according to Mayland and Asay (1989) 
The subscript 'i'is the value for the individual plant, the subscript 'p' is the mean value for the population, and 's'denotes the square root of the error mean square in the analysis of variance for the appropriate trait at a given harvest date. The RTP, value as calculated above is a normalized function with a mean of 0 for a given harvest date. To avoid negative numbers in the statistical analyses, RTP, values were adjusted to RTP, + 10.
1987, K/(Ca+Mg) ratios for the progenies (averaged over harvests) ranged from 2.36 to 3.13 with a mean of 2.70. The apparent danger was greater in 1988, with ratios ranging from 3.87 to 6.25 and averaging 4.74. The corresponding values for the data combined over years were 3.19 to 4.55 and 3.72 for the range and mean, respectively.
Data were subjected to standard regression and analysis of variance procedures. Variance components and F tests were computed with progeny lines and years considered as random variables and harvests as fixed. Percent % enetic variability was computed on a mean basis as the ratio a,/&, where ai is the variance component among the progeny lines or total genetic variance, and o&, is the variance of a progeny mean or phenotypic variance among progeny lines (Comstock and Robinson 1952) . This ratio provides an estimate of heritability in the broad sense (Hb).
In 1987, concentrations of Ca and Mg were significantly higher at the earlier stage of development (harvest 1) than later at harvest 2 ( Table 2 ). The K/(Ca+Mg) ratio was higher at harvest 2, even though levels of K were significantly higher at harvest 1 (35.8 vs 30.9) . Although the trend was reversed for Ca and Mg in 1988, levels of K and the K/(Ca+Mg) ratio were significantly higher at harvest 2. This inconsistency is reflected by a year X harvest interaction for Ca, Mg, K, and the K/ (Ca+Mg) ratio in the analyses combined over years (Table 3 ). The magnitude of K/(Ca+Mg) ratios suggests, however, that the potential for grass tetany increases during the week from the pre-boot to the boot stage in this population of Russian wildrye. This is in accordance with previous findings in crested wheatgrass (Mayland and Asay 1989. ans. 3Hb = heritability in the broad sense on a mean basis.
Correlations between forage yield and P and other measured variables were made to determine if selection for grass tetany potential could be done independently of forage yield potential and P concentration in this Russian wildrye breeding population. 
Results and Discussion
Based on observed K/ (Ca+Mg) ratios, a high potential for grass tetany outbreaks is evident in this breeding population of Russian wildrye. Mean K/(Ca+Mg) ratios for each of the 45 progeny lines were well above the 2.2 level, established by Kemp and t'Hart (1957) to be associated with incidence of grass tetany ( The RTP index values were normalized within each harvest; consequently mean squares were 0 and means were 10 for harvests and years for this trait. The 45 progeny lines differed significantly (P<O.O5 or 0.01) for all traits evaluated except for the K/(Ca+Mg) ratio in 1987 and in the analysis combined over years (Table 3) . Differences among the 45 progeny lines were relatively consistent at the 2 harvest dates as indicated by the nonsignificant progeny X harvest interaction in the analyses for all traits in 1987 and in the analysis combined over years. The tetany X harvest interaction was significant (P<O.Ol) only for the K/(Ca+Mg) ratio and RTP index in 1988.
Consistency among the progeny lines at the 2 harvests was verified by signiticant (P<O.Ol) correlation coeffkients (r) between harvests (Table 4) , which ranged from 0.56 to 0.84 in 1987, from 409 0.48 to 0.80 in 1988, and from 0.68 to 0.89 when the data were combined over years. The entry X year interactions were generally nonsignificant, although the correlations among entry means between years were of a lesser magnitude than the corresponding correlations between harvests.
Variation among progeny lines was subtantially greater in 1988 than in 1987 (Table 3) , possibly because plants were better established in 1988. The range among progeny lines for the K/(Ca+Mg) ratio was 29% and 50?$ of the mean in 1987 and 1988, respectively. When data were combined over years, the range in mean values for the K/(Ca+Mg) ratio was 37% of the mean. The magnitude of the variation is also demonstrated by the variance component among progeny lines (us). This component, which provides an estimate of the total genetic variance among the progeny lines, was substantially larger in 1988 than in 1987 in all but 1 instance. For example, the genetic variance for the K/(Ca+Mg) ratio was 0.01 in 1987 compared to 0.17 in 1988.
A similar range of variation was observed for the RTP index. This index, which provides an estimate of the grass tetany producing potential of an individual progeny line, comprises information involving the interactions of Mg, Ca, and K (Mayland and Asay 1989 , Mayland and Grunes 1979 , Kemp and t'Hart 1957 . The index gives additional weight to the Mg concentration in the forage and should be particularly useful in evaluating the progress in breeding programs to reduce the grass tetany hazard. The ranges in RTP values were 40,55, and 34% of the mean in 1987,1988, and 1987-88, respectively. Broad-sense heritability values (Hb) also indicated that opportunities were available in the population for selection. Heritabilities for the K/(Ca+Mg) ratio were 0.30, 0.64, and 0.31 for the individual year and the analysis combined over years, respectively.
The corresponding values for the RTP index were 0.32,0.60, and 0.48.
The variability among progenies for K/(Ca+Mg) and RTP values along with the magnitude of the heritability values suggests that the grass tetany potential of this breeding population can be altered through breeding. However, because the lowest mean K/ (Ca+Mg) ratios were above the 2.2 threshold level, it would be appropriate to infuse genetic diversity from other sources. A logical procedure would be to assemble as much Russian wildrye germplasm as possible through plant exploration, from the National Plant Germplasm System, and from seed inventories in breeding programs. These plant materials would then be screened to establish a base from which the necessary genetic factors could be obtained.
Progeny means combined over years were used to compute a correlation matrix among the 6 traits within and combined over harvests (Table 5) . Magnesium was significantly and positively correlated with Ca within each harvest and combined over harvests (r = 0.62*+ to 0.73**). A weaker positive relationship existed between Mg and K (r = 0.3 1* to 0.34,) and Ca and K (r q 0.29* for harvest 2). As expected, Mg and Ca were negatively correlated (P<O.Ol) with the K/(Ca+Mg) ratio and positively correlated with the RTP index. Although K was positively correlated with the K/(Ca+Mg) ratio (r q 0.32* to 0.35*), no relationship was detected between K and the RTP index. A strong negative association was found between the K/(Ca+Mg) ratio and the RTP index (r = -0.84*+ to -0.92+*).
Stepwise regression analyses showed that Mg accounted for 77% of the variation among the RTP index of the progeny lines. The second variable added was K, which along with Mg accounted for 8% of the variation. When Mg, K, and Ca were all included in the regression analysis, 95% of the variation was accounted for. This confirms that selection based on RTP places more emphasis on Mg than on Ca and K, as was initially reported by Mayland and Asay (1989) .
A weak relationship was found between green weights of the progeny lines and K concentration (r = 0.28 to 0.37*) and between green weight and the K/(Ca+Mg) ratio (rz0.23 to0.41*). All other correlations involving green weight were low and nonsignificant. Although green weight was determined for only 1 year, the trends suggest that it should be possible to select Russian wildrye germplasm with high forage yield and low tetany potential.
Conclusions
Although seasonal variation was evident, chemical analyses indicate that cultivars developed from this breeding population of Russian wildrye would pose a high risk of producing grass tetany in grazing ruminants. Ratios were consistently above the previously established danger level of 2.2. Genetic progress could not be realistically predicted without parent-progeny data; however, the level of Hb values for the K/(Ca+Mg) ratio and the RTP index along with the variability observed among the progeny lines for all traits measured suggests that selection to reduce the grass tetany potential would be effective. Breeding to increase Mg levels would probably be accompanied by increases in the concentration of Ca and to a lesser extent increased K. Because of the relatively weak relationship found between Mg and Ca and K, it should be feasible to concurrently select for higher levels of Mg and Ca and lower levels K. Because of the relatively high K/ (Ca+Mg) ratios found in this population, it would be advisable to identify other germplasm with attributes associated with low grass tetany potential (higher levels of Mg and Ca and lower concentrations of K). This would provide a germplasm pool from which genetic factors that condition low tetany potential could be transferred to this and other populations that possess the desirable attributes of Russian wildrye. Preliminary results from our studies suggest that reduced grass tetany potential may be accompanied by reductions in forage yield, unless selection for high yield potential is done concurrently. The relationship between grass tetany potential and forage yield and other important attributes in Russian wildrye merits additional study.
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